Imidazo-fused heterocycles, such as imidazo[1,2-a]pyridines and imidazo[1, 2-b] pyridazines, have been widely exploited in various pharmacological areas because of their diverse biological activities. 1 The imidazo[1,2-a]pyridine core can be found in marketed drugs such as the hypnotic Zolpidem or gastroprotective Zolimidine, while the imidazo[1, 2-b] pyridazine core is a constituent of the anticancer drug Ponatinib (Figure 1) .
As a result, there is a continued effort to design new methods for synthesis 2 or functionalisation 3 of such scaffolds. Our laboratory has contributed to the development of palladium-catalysed functionalisation of both imidazo[1,2-a]pyridines and imidazo[1, 2-b] pyridazines at diverse positions. 4 In all cases, the reactions use organic solvents such as 1,2-dimethoxyethane (DME) or 1,4-dioxane. The search for alternatives to such organic solvents is a major concern, with the aim of developing safer, more environmentally acceptable reaction media. In recent decades, deep eutectic solvents (DES) have emerged as highly promising sustainable media for extraction of natural products, 5 as well as for organic chemical reactions. 6 DES are mostly composed of a mixture of cheap, readily available and safe compounds, such as choline chloride, betaine, glycerol or a sugar, which are able to form a liquid phase at room temperature through hydrogen-bond-promoted self-association. DES have already found applications in the field of metal-catalysed organic reactions; 7 especially palladium-catalysed cross-coupling, including Suzuki-Miyaura, 8 Heck, 9 Stille, 10 Tsuji-Trost, 11 Sonogashira 9 and direct arylation via C-H activation. 12 To date, all these conversions were demonstrated on 'model' substrates, such as biaryl synthesis using Suzuki-Miyaura conditions. 8 Only very recently, Capriati et al. described four examples of the synthesis of heterocyclic products (indole, pyridine and thiophene structures) out of 34 biaryls produced. 13 We present herein the first SuzukiMiyaura cross-coupling in DES applied to biologically relevant imidazo-fused scaffolds.
Optimization studies were performed on ethyl 3-iodoimidazo[1,2-a]pyridine-2-carboxylate 1a, to determine the best catalyst (Table 1) . Inspired by the work of Imperato et al., 8a we began with phenylboronic acid in a low-melting 
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mixture of mannose/dimethylurea (DMU) (3:7, w/w) in the presence of 20 mol% of palladium catalyst and 1.25 equiv Na 2 CO 3 , overnight. From the five catalysts evaluated (entries 1-5), three were almost equally efficient: Pd(OAc) 2 , PdCl 2 , and Pd 2 (dba) 3 . We therefore decided to continue the optimization process with Pd(OAc) 2 . Applying microwave irradiation to the reaction mixture at 90, 80 or 70 °C (entries 6-8, not internal temperatures) negatively impacted the yield. The reaction was then repeated with a reduced catalyst loading, and yields remained good down to 2.5 mol% catalyst (entry 11); with 1 mol% the yield dropped to 76% (entry 12). Finally, we investigated the effect of reaction time. With 20 mol% Pd(OAc) 2 , full conversion, as assessed by TLC, could be attained in one hour, but with a lower yield of 66% (entry 13; compared with 78% after overnight heating: entry 1). Using 10 mol% catalyst, three hours were needed to ensure full conversion, although resulting in a moderate isolated yield of 57%. The optimal conditions were therefore taken as 2.5 mol% Pd(OAc) 2 , with conventional oil-bath heating to 90 °C overnight. It is interesting to note that none of these conversions required additional ligands or other additives, and proceeded without need for an inert atmosphere.
Table 1 Optimization of the Catalyst
With the optimum catalyst loading and reaction conditions established, a study to find the best solvent system was initiated ( 9 were first screened (entries 1-3). As previously noted in Table 1 , the Mannose/DMU melt (3:7, w/w) allowed the reaction to be completed cleanly in 93% isolated yield ( Table 2 , entry 1). Systems containing NH 4 Cl resulted in a total loss of reactivity, with the starting material being fully recovered (entries 2-3). We then tested various deep eutectic solvents (DES) available in the laboratory for the extraction of natural products, but lower yields were obtained; 42% for glycerol/glucose (3:1, mol/mol, entry 4), 16% for choline chloride/glucose (2:3, mol/mol, entry 5) and 32% for choline chloride/glucose/H 2 O (2:1:3, mol/mol/mol, entry 6). Use of choline chloride/urea (1:2, mol/mol) did not result in any conversion, with starting material being fully recovered. Finally, we examined the choline chloride/glycerol (1:2, mol/mol) system used by Marset et al. in 2017 8b and Massolo et al. in 2016, 14 and desired product 2a was obtained in a good yield of 74%. Using this DES, the reaction time could be decreased to 2 h (entry 8) or even 1 h (entry 9), with equivalent yields. This DES belongs to the class of NaDES (Natural Deep Eutectic Solvents), being composed of primary metabolites, 15 and is fully user-friendly, easy to prepare in bulk and can be stored for months under ambient conditions. 
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We then decided to explore the scope of the reaction toward different halogenated heterocycles (Table 3) . For the first example 1b (entry 1) we tested the four best solvent systems from Table 2 : mannose/DMU (3:7, w/w), glycerol/glucose (3:1, mol/mol), choline chloride/glucose (2:3, mol/mol), choline chloride/glucose/H 2 O (2:1:3, mol/mol/mol) and choline chloride/glycerol (1:2, mol/mol). Contrary to observations with 1a, glycerol/glucose (3:1, mol/mol) was not effective with 1b, as only starting material was recovered. Choline chloride/glucose (2:3, mol/mol) and choline chloride/glucose/H 2 O (2:1:3, mol/mol/mol) gave only low yields of 30 and 36%, respectively. Mannose/DMU (3:7, w/w) and choline chloride/glycerol (1:2, mol/mol) were the two best solvents for 1b, with yields of 66 and 89%, respectively, and a yield of 88% could be obtained with the latter system after one hour instead of overnight. We therefore chose to work with both mannose/DMU (3:7, w/w) and choline chloride/glycerol (1:2, mol/mol). In the imidazo[1,2-a]pyridine series, 2-, 3-, 6-or 8-iodinated compounds could be functionalized with PhB(OH) 2 (Table 3, entries 1-4 and 6-7) . In all cases, NaDES choline chloride/glycerol (1:2, mol/mol) proved to be superior to mannose/DMU (3:7, w/w), resulting in significantly higher yields. The reaction time required to end with full conversion strongly depended on the position of the iodosubstituent. In the 6-position (entry 1, compound 1b), two 
hours were enough to provide 88% of product 2b, while the 8-iodo-isomer 1c required 24 h to yield 69% of product 2c (entry 2). 2-Iodo-1d was converted into 2d with overnight heating in a yield of 60% (entry 3); whereas one hour provided only 41% of 2d (entry 3). For the most commonly used 3-iodoimidazo[1,2-a]pyridines 1a, 1e and 1g, the reactivity strongly depends on the 2-substituent. As indicated previously, with an ester (compound 1a, Table 2 , entry 9), one hour at 90 °C provided full conversion with a yield of 73%. With the 2-(4-fluorophenyl) substrate (entry 4), the yield dropped to 45% after overnight heating; whereas with 2-cyano compound 1g (entry 6), one hour resulted in total conversion and a yield of 88%. This effect of the 2-substituent was also observed for 8-iodo-substrate 1h (entry 7), for which 6 h of heating was sufficient to result in full consumption of starting material and a yield of 59% (to be compared with entry 2).
We thus tried to evaluate the influence of the nature of the halogen with 3-brominated compound 1f (Table 3 , entry 5). It was found that the bromide exhibited a radically different reactivity since virtually no product was isolated after heating overnight. Comparing this with the reactivity of 6-iodoimidazo[1,2-b]pyridazine 1i, we obtained a yield of 89% after one hour at 90 °C (entry 8).
Finally, we wished to extend our conditions to different boronic acids (Table 4) . Imidazo[1,2-a]pyridine 1a and imidazo[1,2-b]pyridazine 1i were selected as substrates. Starting from 1a, electron-rich (entry 1) and electron-poor (entry 2) aryl boronic acids successfully providing products 3a and 3b in good yields of 78% (2 h) and 88% (1 h), respectively. Heteroaromatic 2-thienyl (entry 3) and methylboronic acids (entry 4) can also be used, but result in moderate yields of 34% (1 h) and 29% (2 h), respectively. Using imidazo[1,2-b]pyridazine 1i, all aromatic boronic acids (entries 1-3) resulted in high yields in no more than two hours, but methylboronic aicd (entry 4) did not lead to formation of methylated product.
The recycling of the catalyst was then investigated, with 1i as substrate. Our first attempts under our optimised conditions (2.5% Pd(OAc) 2 , 1 h, 90 °C) gave only moderate success with a drop in yield observed from the third cycle (data not shown). Thus, we decided to extend the reaction time for each cycle (ca. 6-7 h at 90 °C, Figure 2 ). After each cycle, product 2i was extracted from the DES with ethyl acetate, the DES was dried under vacuum, and then 1i, PhB(OH) 2 and Na 2 CO 3 were added again for the next run. This modified protocol allowed recycling with identical efficiency over three cycles (run 1: 91%, run 2: 86%, run 3: 88%), but then we observed a slow decrease in the yields (run 4: 78%, run 5, 72%) to finally end with a significant drop in yield in the last recycling (run 6: 9%). It is worth noting that the loss of yield might not correlate with a loss of catalytic activity, since a full completion was observed for all the runs, by TLC, even in the sixth. Thus, we postulate that this drop in isolated yield can be explained by increased difficulties in extracting the product from the DES over the cycles. Indeed, the DES became more viscous after each run, and finally became a slurry in run 6. Improvement of the recycling process to overcome this limitation is under investigation in our laboratory. To conclude, we report herein the first Suzuki-Miyaura cross-coupling in a natural deep eutectic solvent (NaDES) applied to imidazo-fused heterocycles of biological interest. Choline chloride/glycerol (1:2, mol/mol) was found to be the more general and efficient medium for coupling in both the imidazo[1,2-a]pyridine and imidazo[1,2-b]pyridazine series at diverse positions and with a variety of boronic acids. The reaction proceeded with 2.5 mol% Pd(OAc) 2 , without need for ligands, other additives or an inert atmosphere. This protocol represents a promising alternative to the organic solvents routinely used for such coupling (e.g., DME or 1,4-dioxane). In view of the importance of imidazofused heterocycles in medicinal chemistry, development of 4f and 3g 4f are described in the literature, and all spectroscopic data were consistent with those previously described.
Low-Melting and Deep Eutectic Solvents Preparation
All the low-melting and deep eutectic solvents were prepared prior to use by heating the components together at 90 °C under vigorous stirring (magnetic stir bar) until a homogeneous solution was obtained (ca. 30-60 min). The reactions were performed in round-bottom test tubes (9.5cm high, 2.8 cm diameter) closed with a rubber septum, with 5 g of solvent per 1 mmol of starting material. Only the choline chloride/glycerol (1:2, mol/mol) system was prepared on a larger scale (80 mL) and this was stored at r.t.
Suzuki-Miyaura Coupling in Low-Melting Solvents and DES; General Procedure
Boronic acid (1.1 equiv), 1a-i (1 equiv, 1 mmol), Na 2 CO 3 (1.25 equiv), and Pd(OAc) 2 (2.5 mol%) were successively added to the low-melting solvent or DES (5 g) at 90 °C (see above). The tube was closed with a rubber septum and the reaction mixture was stirred at 90 °C until full conversion, as indicated by TLC (ca. 1-48 h). The reaction mixture was cooled and water (50 mL) was added, followed by brine (10 mL). The reaction mixture was then extracted with EtOAc (4 × 35 mL), the combined organic phases were dried over MgSO 4 , filtered, evaporated and the residue purified by column chromatography on silica gel (eluting with either petroleum ether/ethyl acetate or dichloromethane/ethyl acetate).
Recycling Process; General Procedure
Phenylboronic acid (1.1 equiv), 1i (1 equiv, 0.5 mmol), Na 2 CO 3 (1.25 equiv), and Pd(OAc) 2 (2.5 mol%) were successively added to DES (choline chloride/glycerol 1:2, 2.5 g) at 90 °C. The tube was closed with a rubber septum and the reaction mixture was stirred at 90 °C for 6 to 7 h. The reaction mixture was cooled and extracted with EtOAc (4 × 20 mL). The combined organic phases were dried over MgSO 4 , filtered, evaporated and purified by column chromatography on silica gel. The DES was then dried under vacuum for 15-30 minutes to remove all volatiles. Phenylboronic acid (1.1 equiv), 1i (1 equiv) and Na 2 CO 3 (1.25 equiv) were then added and the next run repeated. 
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